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ら発生する微小な圧力変化を測定することにより，約 2 ～ 20 Hz の範囲の外耳道内心圧信号と
して心拍圧を得ることが可能となる．今回，家兎を用いた実験で，このイヤホン式センサと既
存の生体情報モニタから得られるデータとの相関を検討した．家兎は体重約 3 kg の日本白色
雑雌を用いた．全身麻酔下に既存の生体情報モニタとイヤホン式センサを家兎に装着し，酸素












































な音圧レベルを測定すると，呼吸音は 0.2 ～ 2 Hz
程度の範囲のノイズ信号として外耳道で取得するこ




























Fig. 1　Amplitude characteristics of the low-pass ﬁlter
This graph indicates to neglect out band noise of heart beat presser signal from 
canal conducting vital sign and speech signals.
Fig. 2　Group delay characteristics of the low-pass ﬁlter
This ﬁgure indicates that the valid pass band for the vital sign spectrums have 
same signal delay characteristic in frequency domain.  Therefore, this ﬁgure means 











































































The sensor has a built-in pressure sensor to the 









の生体情報モニタの心拍数が，R2 ＝ 0.9198，P ＜
0.001 を示す群として認められた．さらに，近似直







Under general anesthesia, conventional monitor or the earphone-type 
sensor was installed on the rabbits in our experiments.  They were 
placed under an environment with an oxygen concentration 
progressively reduced by 5％ every 10 minutes.
Fig. 5　ECG vs New device
The partial plot which surrounded with a dotted line 
shows approximate straight an inclination of 1/3-1/2.
Fig. 6　Change in heart rate due to the decrease in 
oxygen concentration
The root mean squared error of more than 5％ oxygen 










来る周波数帯域は 20 ～ 20000 Hz で，よく聞き取れ
るのは 60 ～ 70 dB とされている1-3）．本研究は，こ






を測定した．呼吸音は 0.2 ～ 2 Hz 程度の範囲のノ
イズ信号として外耳道で取得することが可能であ













で，R2 ＝ 0.9198，P ＜ 0.001 を示す群と近似直線の
傾き 1/3 ～ 1/2 を示す群が認められた．近似直線の
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DEVELOPMENT AND ACCURACY OF A MINIATURE EARPHONE-TYPE  
BIOLOGICAL INFORMATION SENSOR
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　Abstract 　　 The importance of compact-size medical equipment which is capable of wireless moni-
toring of human patients to evaluate their clinical condition has been growing in recent years.  To 
achieve this goal, we have been striving to develop an earphone-type small and wireless sensor which 
could enable non-invasive measurement of human vital signs, including heart rates.  We developed such a 
sensor, and compared its precision with a conventional monitor in our study.  Using anesthesized rabbits 
（white Japanese cross-bred female rabbits, weighing approximately 3 kg） with the earphone sensors 
mounted on their external auditory canal, we evaluated their heart rate by measuring the changes in 
pressure as well as the vibratory dynamics within the canal.  The heartbeat and pressure changes could 
be obtained as heart pressure signals within a range of approximately 2 Hz to 20Hz by means of sealing 
the canal using our earphone sensors.  Theoretically, the heart pressure signals are thought to represent 
the small changes in pressure generated from the ear drum and the ear canal in association with their 
heartbeat.  The rabbits underwent general anesthesia and a conventional monitor or the earphone-type 
sensor was mounted on the rabbits in our experiments.  Subsequently, the rabbits were placed in an en-
vironment with a progressively reduced oxygen concentration （reduced by 5% every 10 minutes）; there-
after, the heart rate results based on both sensors were compared for reference.  Our earphone-type sen-
sor was capable of measuring the heart rate by analyzing the heart pressure signals based on a data 
processing program.  The data obtained by the earphone-type sensor could be successfully validated by 
these animal experiments.  When the heart rate values were plotted with the data obtained by conven-
tional monitors on the horizontal axis and the data by the earphone-type sensor on the vertical axis, both 
data showed statistically signiﬁcant relationships.  When the heart rate was changed by decreasing the 
oxygen concentration, the root mean squared error of more than 5% oxygen concentration was less than 
11.  The earphone-type vital sign （heart rate） sensor is deﬁnitely useful in terms of its tiny size, wireless 
and non-invasive nature and its measurement accuracy as well.
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